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ABSTRACT:
In this paper, the inflow generator Discretizing and Synthesizing Random Flow Generation (DSRFG) method is
reviewed at first. The efficiency of the DSRFG method is improved by modifying the way of discretising the energy
spectra. The numerical grid effects on the DSRFG method is examined numerically and the results show that the
DSRFG method is not sensitive to the grid effects when being applied in a Large Eddy Simulation(LES).
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1. A BRIEF INTRODUCTION TO THE DSRFG METHOD
In Large Eddy Simulation (LES), generating an appropriate inflow condition is crucial for the
accurate prediction of the wind effects on the target buildings or structures. As one of the synthetic
random Fourier methods, DSRFG (discretizing and synthesizing random flow generation) can
generate the anisotropic fluctuating inflow that fits to any prescribed arbitrary power spectral
models (Huang et al, 2010).
(1)

where, M is the amount of the wave-number points (
) to discretize the energy spectra
; N is the sampling times in each wave-number segment, i.e., N random wave-number vectors
with a length equal to
of the inlet points, and

in a certain random manner;
is the scaled coordinate with

.

is the coordinates
( , and

are the integral turbulence length scales in streamwise, spanwise and vertical direction and
is a constant and varies from 1 to 2). More details of Eq.(1) is referred to Huang et al. (2010).
To ensure the divergence-free condition, the amplitude vector should satisfy
and
. For anisotropic turbulent inlet flow, Castro and Paz(2013) proposed:
and

.

random coefficient uniformly distributed in the range of
signal of

;

;

could be derived from

and
and
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returns the

.

2. EFFICIENCY IMPROVEMENT OF THE DSRFG METHOD
The computational cost of the DSRFG method is proportional to

* Lead presenter

is a

. To ensure the generated

inlet flow fit well to the target power spectral model, the wave numbers are recommended to set
as an equivalency sequence
. This would ensure there are enough wavenumber points in the low frequency region, where most of the kinetic energy concentrates as well.
The generated inlet flow could fit to the target power spectral model well even with a small value
of M (
), compared to the arithmetic sequence
(
).

3. DRID EFFECTS ON THE DSRFG METHOD
Saad and Sutherland (2016) pointed out that Kraichnan’s method (Kraichnan, 1970) is no longer
divergence-free when being applied in numerical simulation. Unphysical pressure fluctuations
(which should be solenoidal as Figure 1.b ) would arise at the inlet boundary as shown in Figure
1.a. Since DSRFG is a subsequent method of Kraichnan’s method, it’s necessary to examine the
grid effects on it.

a) non-strictly divergence-free inlet boundary
(
,
)

b) strictly divergence-free inlet boundary
(considering the grid effects)

Figure 1 Pressure fluctuations at inlet boundary
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Figure 2 Streamwise power spectral density with different inlet generation method

A strictly divergence-free DSRFG method is proposed and compared with the original DSRFG
method (non-strictly divergence-free) in two sets of numerical simulations by the open-source
toolbox OpenFOAM. The streamwise power spectral density at the reference point inside the
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computational domain are plotted in Figure 2 with different grid sizes
. The results show that
the original DSRFG method is not sensitive to the grid effects unless it is adopted in an extremely
coarse meshed computational domain, as shown in Figure 2.b, which would never happen in a
correct LES.

4. CONCLUSION
In this paper, the proposed way of discretizing the energy spectra would improve the efficiency of
the DSRFG method. The grid effects on the DSRFG method are examined and the results show
that the DSRFG method is not sensitive to the grid effects and could be adopted in LES without
further modification.
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